Rats were fed on a diet containing cholesterol (Chol) at a level corresponding to the standard Chol intake in humans, and the influence of heat-moisture-treated high-amylose cornstarch (HHA) on their serum Chol level was investigated. HHA decreased the serum level of Chol in rats fed on the diet containing 0.1% Chol, which corresponds to a Chol intake in humans of 800 mg/d, although the liver levels of Chol increased in these rats. HHA did not influence the fecal excretion of Chol/bile acids. It is possible that the decrease in serum Chol level in the rats fed on the high-Chol diet can be attributed to the promotion of Chol uptake in the liver.
It is recommended that the blood concentration of cholesterol (Chol) should be maintained within the normal range as hypercholesterolemia increases the risk of arteriosclerosis. 1, 2) Many functional foods that decrease the blood Chol level have been reported. 3, 4) In particular, dietary fiber is known to decrease the serum Chol level by adsorbing and excreting Chol/bile acids. 5, 6) We focused on resistant starch (RS) which similarly functions as a food component that decreases the serum Chol level, as in the case of dietary fiber. According to several studies, RS ingestion has decreased the serum Chol level in rats fed on a Chol-free diet. [7] [8] [9] Vanhoof and Schrijver 10) have reported that the administration of retrograded high-amylose cornstarch (HA) to rats fed on a 1% Chol-containing diet decreased the serum Chol level. They have suggested that the promotion of coprostanol excretion by RS contained in HA was involved in the serum Chol-lowering action. However, no previous study has investigated the effects of RS on rats fed with a diet containing Chol at a level corresponding to the Chol intake by humans (from 100 to 400 mg/d 11) ). We used in this study HA treated with heat and moisture to produce heat-moisture-treated HA (HHA) with an increased RS level, and examined its effect on the serum Chol level in rats fed on a diet containing Chol at a level corresponding to the Chol intake by humans. We used Amylogel HB450 (Sanwa Cornstarch Co., Nara, Japan) as HHA; its RS content was 44.2 g of RS/ 100 g when assayed with a kit (Megazym, Sydney, Australia). We used 4-week-old male Sprague-Dawley rats (Clea Japan, Tokyo, Japan). Each rat was housed in an apartment-type stainless steel cage, and acclimatized under the following conditions: room temperature, [23] [24] [25] C; humidity, 50-60%; and lighting cycle, 12 h (8:00-20:00). Food and water were provided ad libitum, and a standard diet (AIN-76 composition 12) ) was given to the rats for 1 week. They were then divided into control and HHA groups at the end of acclimatization. Each group was divided into Chol-free (0% Chol) and 0.0125%/0.05%/0.1% Chol-loaded groups, these amounts corresponding to the normal Chol intake by humans of 100, 400 and 800 mg/d, respectively. Test breeding was performed for 21 d with a total of 8 groups (n ¼ 6). This animal experiment was conducted according to the guidelines for laboratory animal breeding/ management established by the Ethics Review Board of Tokyo University of Agriculture.
The test diets contained 0.1% cholic acid and 10% lard based on the AIN-76 composition. 10% HHA was added for the HHA groups ( Table 1 ). The composition of the test diets was decided by subtracting the cholic acid/Chol contents from the sucrose content, and by subtracting the HHA content from the cornstarch content. Blood was collected via cardiocentesis under anesthesia with Nembutal, and then the liver was extirpated. Serum was isolated by the standard method (3,000 rpm, 4 C, 20 min) to analyze the serum levels of lipids.
The serum levels of lipids, total Chol (TC), HDLChol, LDL-Chol and triglycerides (TG), were measured with a type 7450 automatic biochemical analyzer (Hitachi Co., Tokyo, Japan). The arteriosclerosis index was calculated by using the formula (TC-HDL-Chol)/ HDL-Chol.
To prepare a liver solution, 1 g of the extirpated liver sample was homogenized with a chloroform/methanol solution (2:1 (v/v)), placed in the dark for 24 h, and then filtered. The concentrations of TC and TG were determined with TC 555 Determiner (Kyowa Medics Co., Tokyo, Japan) and Triglyceride E Test Wako (Wako Pure Chemical Industries, Osaka, Japan) kits, respectively. The levels of phospholipids were measured by the phosphorus-molybdic acid colorimetric method. 13) Feces were collected for 3 d prior to autopsy. To prepare a fecal sample solution, 0.5 g of freeze-dried and crushed powder was accurately weighed, extracted with a chloroform/methanol solution (2:1 (v/v)) at 45 C for 10 h, and then filtered. The concentrations of TC and total bile acid were determined with TC 555 Determiner and Total Bile Acid Test Wako (Wako Pure Chemical Industries) kits, respectively.
The cecal content levels of organic acids were measured by high-performance liquid chromatography according to the method of Hoshi et al.
14)
Each data value is presented as the mean AE standard error. Statistical significance was tested with a two-way variance analysis, and then Tukey's multiple-comparison test was performed by using SPSS 15.0J software (p < 0:05).
There were no significant differences in food intake and initial/final body weights among the 8 groups. Therefore, the consumption of HHA and Chol at a level similar to the standard intake by humans did not influence the food intake and body weight.
The serum lipid levels are shown in Table 2A . There were no significant differences in the serum TC and LDL-Chol levels between the control and HHA groups among the rats fed on the 0%, 0.0125%, and 0.05% Chol-containing diets. However, in the rats fed on the 0.1% Chol-containing diet, the serum levels of TC and LDL-Chol in the HHA group were lower than those in the control group. The serum HDL-Chol level in the HHA group given the 0% Chol-containing diet was higher than that in each control group given the 0% and 0.05% Chol-containing diets. Furthermore, the serum HDL-Chol level in the HHA group given the 0.1% Cholcontaining diet was lower than that in the control group given the same diet. In the rats fed on the 0% Cholcontaining diet, the serum level of TG in the HHA group was lower than that in the control group. However, in the rats fed on the 0.05% Chol-containing diet, the TG level in the HHA group was higher than that in the control group. There was no interactive effect of HHA and Chol on the arteriosclerosis index, but both the control and HHA groups showed a Chol contentdependent increase in this index.
The liver weight, dry fecal weight, and liver/fecal lipid levels are shown in Table 2B . The liver weight increased with increasing Chol content in both the control and HHA groups. The hepatic TC level increased in a Chol content-dependent manner. In the rats fed on the 0.1% Chol-containing diet, the liver level of TC in the HHA group was higher than that in the control group. The liver level of TG increased in a Chol content-dependent manner in the HHA groups. There was no significant difference in the phospholipid level among the 8 groups.
There was no interactive effect of HHA and Chol on the dry fecal weight. However, in the HHA groups, the dry fecal weight was higher than that in the control groups. Chol excretion in the HHA groups increased in a Chol content-dependent manner, but there was no interaction between HHA and Chol. In the rats fed on the 0.1% Chol-containing diet, the fecal bile acid excretion in the HHA group was lower than that in the control group, but was not influenced in the other groups. The cecal content weight, pH value, and organic acid concentrations are shown in Table 3 . There was no HHA ingestion-related difference in the cecal content weight. The cecal content pH value increased in a Chol content-dependent manner and also decreased in the presence of HHA. Concerning the cecal content concentrations of organic acids, those of maleic, succinic, and lactic acids significantly increased in the presence of HHA. The concentration of propionic acid in the HHA groups was lower than that in the control groups. Thus, HHA consumption decreased the cecal content pH and propionic acid values, and increased the concentrations of maleic, succinic, and lactic acids.
The results of the present study show that the serum Chol level was decreased only in the group fed on the HHA diet containing 0.1% Chol in comparison with the groups fed on the control diet. The lowering effect of resistant starch on the serum Chol level has usually been reported to be related to the promotion of bile acid excretion. 15) In addition, there is a report of the promotion of Chol uptake into the liver being a factor for the decreasing effect of resistant starch on the serum Chol level. 16) In this present study, no significant increase in bile acid excretion was apparent in any group fed on the HHA diet. Therefore, the decrease of serum Chol level in the group fed on the HHA diet with 0.1% Chol could not have been due to the promotion of bile acid excretion, but instead to the 
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Each value is the mean AE SE (n ¼ 6). Values within a column with different superscript letters show a significant difference at p < 0:05. See Table 1 for abbreviations. The arteriosclerosis index was calculated from the formula (total cholesterol-HDL-cholesterol)/HDL-cholesterol.
promotion of Chol uptake into the liver. In addition, there are some reports of organic acids reducing the level of serum Chol. Hara et al. 17) have reported that a serum Chol-decreasing effect of feeding dietary fiber was involved in the increased content of organic acids produced in the cecum of rats due to the inhibition of Chol synthesis in the liver. Chen et al. 18) have reported that the ingestion of propionate decreased the level of serum Chol in rats. On the other hand, Mochida et al. 19) have shown that HHA increased the concentration of propionate in the cecum of rats fed on a high-Chol diet, but that the level of serum Chol was not changed by the ingestion of HHA. Kishida et al. 20) have shown that, although HHA reduced the level of serum Chol, no change was apparent in the cecal level of propionic acid. In this present study, HHA lowered the concentration of Chol in the serum of rats, but did not increase the cecal concentration of propionate. Thus, the serum Chol-lowering effect in this study may not have been related to the cecal level of propionate. In terms of other organic acids, Izydore and Hall 21) have reported that the administration of maleic acid decreased the serum level of Chol in rats. In the present study, HHA tended to increase the content of maleic acid in the cecum of the rats, the content being highest in the group with serum Chol-lowering effect. Hence, the serum Chol-lowering effect of HHA may have been associated with the cecal level of maleic acid.
In contrast with the result for the group fed on the HHA diet with 0.1% Chol, the groups fed on the HHA diet containing 0%, 0.0125% and 0.05% Chol showed no influence on the serum level of Chol. This may have resulted from the inhibition of hepatic Chol synthesis by exogenous Chol. A study on hepatic Chol synthesis has shown that a diet without exogenous Chol did not affect Chol synthesis, but that a 0.3% or 0.5% Chol-containing diet markedly inhibited it. 22, 23) In view of these reports, Chol synthesis in the liver might have been inhibited in the group fed on the HHA diet containing 0.1% Chol, the group with the highest Chol content, but not in the groups fed on the HHA diet with a Chol level of less than 0.1%.
In conclusion, the consumption of HHA and Chol at a level (0.1%) corresponding to the daily Chol intake by humans (800 mg/d) decreased the serum level of Chol, suggesting the usefulness of HHA in the prevention and improvement of hypercholesterolemia due to the effect of a high-Chol diet. The effect was most marked with high-Chol loading; therefore, HHA may be useful for preventing arteriosclerosis related to a Western-style diet. However, it has reported that no direct effect of resistant starch on the level of serum Chol was apparent in humans. 24) Therefore, it is not yet clear whether or not HHA has a serum Chol-decreasing effect in humans, judging from the results of our study. Additional information about the serum Chol-decreasing effect of HHA in animals and humans needs to be accumulated. Each value is the mean AE SE (n ¼ 6).
Values within a column with different superscript letters show a significant difference at p < 0:05. See Table 1 for abbreviations.
